3. After replacing sodium by lithium in the superfusate the rise of the receptor potential and of the arsenazo signal are not much altered. The decline of the arsenazo signal, however, is slowed down more than 3-fold; this is due to the complete suppression of the fast phase D1 and the retardation o f the slow phase D 2 of the calcium re-decline.
Introduction
In a former publication (Deckert and Stieve, 1991) we have shown that the initial rising phase of the intracellular calcium transient is insensitive to membrane voltage. This indicates that at least 90% of the calcium rise is not due to a light-in duced calcium influx through the cation channels in the plasma membrane. The re-decline of the cal cium transient proceeds in -at least -two phases, a faster one ( D l ) with a time constant in the order of 1 to 2 s and a slower one (D 2 ) with a time constant x2 in the order of 1 0 -2 0 s. The faster phase D 1 was found to be independent of the membrane voltage, whereas the slower phase D 2 is membrane voltage-dependent. Therefore Deckert and Stieve (1991) concluded that the sec ond phase D 2 of the calcium re-decline is based on the action of the N a -C a exchanger across the plasma membrane. N a -C a exchangers have been extensively studied in other systems, especially in the squid axon and the heart of vertebrates (Blaustein, 1977; Philipson, 1985; Allen et al., 1989) . A N a -C a exchanger had been suggested for the Lim ulus photoreceptor by Lisman and Brown (1972) , and Ivens and Stieve (1984) and was dem onstrated by O 'D ay and Gray-Keller (1989). The fast com ponent D 1 is probably based on a rapid calcium uptake into the specialized endoplasmic reticulum (SRC, subrhabdomeral cisternae). Stieve and Benner (1992) have shown that if the external calcium is replaced by strontium, the arsenazo signal becom es greatly enlarged both in amplitude and in duration. Arsenazo is an indi cator of calcium and of strontium about equally well (Kendrick et al., 1977) . This means that there seem s to be a strontium transient in the cell which is five times larger than the calcium transient under physiological conditions. Strontium can be handled by N a -C a exchangers as a substitute for calcium. This has been shown e.g. for the N a -C a exchanger of the squid axon (Blaustein and Rus sell, 1975 ) and the N a -C a -K exchanger of the toad photoreceptor cell (Yau and Nakatani, 1984) .
Lithium ions can pass through all the sodium channels studied so far (Hille, 1992) . However, lithium is not accepted as a sodium substitute by sodium -calcium exchangers or by sod ium -p otas sium ATPases (Blaustein, 1977; Skou and Norby, 1979; Glynn and Karlish, 1975 ; O 'Day and Phil lips, 1991).
In this paper we report on experiments in which we replaced the external calcium by strontium or the external sodium by lithium in order to investi gate the mechanisms generating the rise and de cline of the calcium transient. Our results are con sistent with the following interpretation:
1. The initial rising phase of the light-induced increase in the cytosolic calcium concentration is not much sensitive to lithium.
2. The light-induced rise in cytosolic strontium is -compared to that of calcium -greatly pro longed. Its second phase -which is much more pronounced than that of calcium -depends clearly on the membrane voltage. This could be easily explained if the main source of rise in cyto solic strontium is not the cisternae but the extra cellular space.
3. The uptake of calcium into the cisternae, indi cated by the faster com ponent D 1 of the calcium re-decline, is reduced or abolished in lithium saline. There is also no significant D 1 signal to indicate an uptake of strontium into the cisternae.
4. The activity of the sodium -calcium ex changer, which is responsible for the slow calcium export D 2 through the plasma membrane, is reduced to ca. 10% when the external sodium is replaced by lithium. But the activity of the ex changer is not much changed when calcium is re placed by strontium. The decline of the cytosolic strontium concentration depends on the m em brane voltage similar to the slow decline D 2 of cytosolic calcium.
Materials and Methods
The experimental techniques were similar as de scribed by Nagy and Stieve (1983) , Deckert and Stieve (1991), Stieve and Benner (1992) , and Rüsing (1989) (see there for further details). The ventral nerve of Lim ulus polyphem us was isolated, and stored for 7 -3 0 h in physiological saline. B e fore the experiment the nerve was treated by collagenase (2 mg/ml) for 10 min, then fastened in a glass chamber which was continuously perfused with saline of constant temperature (15 °C). The perfusion rate was ca. 1 ml/min, resulting in a 90% exchange of saline within 3 min. The superfusates used are listed in Table I. The photoreceptor cell was impaled by a glass micropipette filled with 0.5 mol/1 KC1 solution containing 20 mmol/1 of the indicator dye arsenazo III. The tip resistance was betw een 4 and 18 MQ. After pressure injection of arsenazo-containing saline into the cell, the electrical light response (receptor potential, ReP) and the arsenazo signal (A S) were recorded in parallel.
The arsenazo signal is a transient transmission decrease of the arsenazo-loaded photoreceptor cell in response to a light stimulus. It indicates a transient increase in cytosolic Ca2+ (or Sr2+) con centration. It was monitored by a continuous measuring light (Xmax 645 nm, half widths 9 nm, intensity 0.0 5 -0 .5 mW/cm2). The intensity of the measuring light beam after passing the photo receptor cell was measured by a photomultiplier. The photometric beam was adjusted in diameter to the size of the cell (betw een 75 and 150 |im) and positioned on the photoreceptor so as to evoke a maximum electrical light response. When switched on it caused a transient initial depolarization of The receptor cell was stimulated every 60 s by a light flash of 5 ms half time (M etz Megablitz 60 ct-1), which had passed through a wide band filter (Schott BG 18, 515 nm maximum). The flash energy of a maximum of 9 x l 0 14 photons/cm 2 was attenuated by neutral density filters. The glass micropipette was connected to a PCM amplifier by an A g -A g /C l electrode via an impedance con verter (input resistance 1014 Q). The accuracy of measurement was 1 mV and 1 ms respectively. In one set of experiments the receptor current was measured under voltage clamp conditions with a single electrode voltage clamp (SC-100, VF-180 and CA-100 Biologic, France) in a similar way as described in Deckert and Stieve (1991) and Stieve and Benner (1992) .
The arsenazo signal (A S) and the receptor po tential were recorded simultaneously on a pulsecode modulation (PCM) system for a period of between 9 and 18 s starting 0.4 s before the test stimulus (sample frequency 1 kHz). The time res olution of the data recording system was 1 ms. All signals were stored on tape and disc and evaluated later with an IBM-compatible AT personal com puter. (For further details The absolute maximum of the arsenazo signal, Hmax AS (Fig. 1 a) , was determined by averaging the amplitude values of the filtered signal for 100 ms around the largest value.
The latency Tlat AS is the time from the onset of the light stimulus to the first significant start of the response (see Stieve and Benner, 1992) .
The time-to-peak Tmax AS is the time from the onset of the light stimulus to the absolute maxi mum of the filtered arsenazo response. Each Tmax AS value was verified by visual control of the sig nal. If the largest value of the response appeared to be caused by a superimposed electrical inter ference, an appropriate value was chosen by eye. The time to the maximum was determined with an accuracy of ±10 ms.
The rise time Tr is the time-to-peak Tmax minus the latency Tlat.
The decay time T 2 AS is the time during which the response decays from its maximum to 50% of this value. The initial slope of rise Mi is the aver age slope from the end of the latency to half of the signal height, and the median slope of rise Mm is the slope of rise in half height of the signal.
The two phases of the decay of the arsenazo sig nal were fitted by the function H AS(t') = a exp ( -t ' / i j ) + ß exp ( -t 7 x 2) + C. a and ß are scaling factors, X] is the time con stant of the fast phase, x2 that of the slow phase. t' is defined as t -(tmax + o), where o, the start of the fit, was chosen by eye; C is the steady-state level of the signal; it is usually set to zero (see D eckert and Stieve, 1991, for further details).
The receptor potentials were processed accord ingly, but without filtering; this is described in detail elsewhere (Stieve, Gaube and Klomfaß, 1986) .
A n experiment lasted up to 7 h. After arsenazo injection into a photoreceptor cell the nerve was superfused for 1 5 -3 0 min with physiological saline (PS) before the actual measuring phase began. It started with a preperiod of 30 to 60 min in which the ventral nerve was superfused with physiologi cal saline. One or up to 3 test periods followed in which the effects of different superfusates were tested. Finally in an afterperiod of at least 25 min the reversibility of the effects was checked by again superfusing the nerve with physiological saline.
The length of the individual periods was varied between the different sets of experiments in order to reach stable responses. The measuring phase in the lithium experiments lasted 1 .5 -2 h, in the strontium experiments 3 .5 -4 h, and in the strontium -lith ium experiments 4 -4 .5 h.
Results
D ue to the continuous photometric background light the studied photoreceptors were in a steady state of light adaptation which corresponded to a 5-to 40-fold diminution in sensitivity (Stommel, unpublished) .
A stimulating light flash of the strong energy applied by us evokes two delayed signals ( Fig. 1  and 2 ): an electrical response, the receptor poten tial or the receptor current, and a slower transient rise in the cytosolic calcium ion concentration (here measured as arsenazo signal). The electrical light response under physiological conditions has been described elsewhere in greater detail. It can be shown to consist of three components (Nagy, 1991; Deckert et al., 1992; Nagy, 1993) . During the preperiod of the experiments described here, while the photoreceptor was superfused with physiological saline, the receptor potential had a latency Tlat of 10 to 25 ms; a rise time Tr of 15 to 30 ms and an overall half-time of decline T 2 betw een 0.6 and 1.7 s (Table II) . Table II The arsenazo signal starts 20 to 30 ms later than the receptor potential (Tlat 30 to 50 ms), rises for 150 to 550 ms. The decline has an overall half-time of 1.5 to 4.5 s. After the maximum of the arsenazo signal the decline begins with a phase in which the slope of decline increases for 0.5 to 1 s. Then, after the point of inflection, the signal falls m onot onously approaching zero between 3 and 6 s after the maximum. The decline after the point of in flection can be described as the sum of two ex ponentials (Fig. 4 a, (Tables II, III, IV) .
Replacement o f the external calcium by strontium
In this group of 5 experiments during the test period all the added calcium in the superfusate was substituted by strontium (Table I) Table II shows the average results from three comparable experi ments of that group.
When the external calcium is replaced by stron tium the arsenazo signal and receptor potential change slowly and gradually, they becom e more and more enlarged and prolonged. The testperiod lasted 65 to 115 min. Within 30 to 60 min many parameters of the receptor potential became stable (except T 2 which could change for 90 to 100 min) whereas the arsenazo signal often did not stabilize during the testperiod. Switching back to superfusion with physiological saline results in re version of the changes of both signals (Fig. 2, 3 , and 4, Table II).
Receptor potential
When the superfusion is switched from physio logical saline to a saline in which calcium is re placed by strontium, the changes of the electrical light response develop gradually. The various pa rameters of the receptor potential change accord- (Table II a ,  Fig. 3 ). The latency Tlat grows on the average almost 2-fold (by 1 0 -2 0 ms) starting to change about 20 min after the switch to strontium saline. The receptor potential shows conspicuous changes in shape (Fig. 2, Table II a) . Whereas the slope of its initial rise is reduced to 50%, two additional com ponents 2 and 3; becom e increasingly prominent they may correspond to the C 2 and C3 com po nents (Nagy, 1991; Deckert et al., 1992; Nagy, 1993). In 4 of the 5 experiments the second maxi mum is highest. The rise time Tr to the first maxi mum is 5.7-fold prolonged. T 2, the half-time of decay (which is now measured from the second maximum) of the receptor potential, starts to grow immediately after the switch to strontium super fusion. It reaches a maximum after about 60 min in strontium saline and is then shortened to a steady value 5.5-fold longer than the reference value. All the observed strontium-induced changes are distinctly, but not com pletely reversed in the 60 min afterperiod in physiological saline (Table II a) . On the average rise time and decrease time remain larger by 2.5 and 4 times, respectively, than in the preperiod.
Arsenazo signal
A lso the changes of the arsenazo signal develop slowly with time upon superfusion with strontium saline, but they start to change without a signifi cant delay after the switch; they precede those of the receptor potential (except for Tlat and T 2 of the receptor potential) by about 20 min ( Fig. 1 and  3) . Only the changes in the latency of the arsenazo signal may start more than 10 min later than the other changes of the arsenazo signal. Within 30 to 60 min, the arsenazo signal increases in amplitude and duration. After more than 60 min in strontium saline, the amplitude, rise, and decline time of the arsenazo signal are again diminished whereas the latency keeps still growing (Fig. 3) . At the end of the testperiod, the average latency of the arse nazo response is longer by about the same time (2 0 -3 0 ms) as that of the receptor potential. The initial slope of rise Mi of the arsenazo signal is significantly, the median rise Mm not statistically significantly reduced. After prolonged stay in strontium saline, the rising phase Tr of the arse nazo signals is on the average more than 5-fold prolonged and the amplitude Flmax more than 4-fold enlarged (Table II b ).
The decline of the arsenazo signal is also much slower than in physiological saline. T2, the overall half-time of decay, is increased 4.7-fold (Ta ble II b). The declining phase appears monophasic and almost linear in time. D l , the fast phase of decline, is no longer detectable (Fig. 4) . It seems to have disappeared within the first 1 0 -2 0 min after the change in the superfusate (Table lie ) 
The voltage dependence of the arsenazo signal in strontium saline
In another type of experiments we tested in 4 cells whether the arsenazo signal depends upon the membrane voltage when the external calcium was replaced by strontium for at least 45 min. The membrane voltage to which the photoreceptor membrane was clamped, was varied between +30 and -6 0 or -8 0 mV (Fig. 5) . (Fig. 5) . In contrast to the behaviour in cal cium-containing saline (Deckert and Stieve, 1991), the rise time of the arsenazo signal is enlarged when the membrane is clamped to more positive voltages. Such voltage dependence is expected if strontium uptake through ion channels in the plasma m em brane, e.g. the light-activated cation channel, con tributes significantly to the arsenazo signal.
The apparently monophasic decline of the ar senazo signal under strontium conditions, which can be fitted by a single exponential, depends strongly upon the membrane voltage. It is the steeper the more negative the membrane voltage but does not yet reverse its sign at membrane volt ages up to +30 mV (Fig. 5) . The monophasic decline depends on the membrane voltage in a qualitatively similar way as the slow D 2 phase of the arsenazo response in physiological, calciumcontaining saline (Deckert and Stieve, 1991).
Replacement o f the external sodium by lithium
In 5 experiments the sodium in the superfusate was replaced by lithium (Table I) Table III; repre sentative experiments are demonstrated in Fig. 6 , 7, and 8.
Lithium cannot substitute sodium in the sodium/ calcium exchanger (see above). Complete replace ment of the external sodium by lithium causes a diminution of the arsenazo signal and a retar dation of its declining phase, and a diminution of the receptor potential but an acceleration of its decline (Table III) .
Receptor potential
A fter 10 to 15 min superfusion with sodium-free lithium saline the prestimulus membrane poten tial PMP is depolarized by 5 -1 0 mV (Fig. 6 a, 7 , Table III a). The amplitude Hmax of the receptor potential is decreased by the same amount (on the average to 84%). The latency is not changed, the rising phase (rise time Tr) of the receptor potential is slightly, but not statistically significantly re duced, whereas the decline is substantially acceler ated. The half time of decay T 2 is shortened, on the average to 70%. Two components of the recep tor potential becom e more pronounced in the testperiod in some of the experiments (not shown).
The depolarization, the diminution, and the acceleration of the decline of the receptor poten tial in the testperiod resemble the changes due to light adaptation or raised intracellular calcium ion concentration (Stieve, 1981; Brown, 1986 ). H ow ever, the latency is not shortened. A ll these effects are well reversed in the afterperiod (Table Ilia ) . Table III . Average parameter of arsenazo signal and re ceptor potential of the 5 experiments in which the exter nal sodium was replaced by lithium, a) R eceptor poten tial; b) arsenazo signal. Testperiod, after 1 6 -2 0 min stay in lithium saline; afterperiod, 2 5 -3 5 min in PS (A G R 35, 36, 37, 38, 58). Average ± standard error o f the mean, c) (A G R 58); kinetic parameters of the decline of the arsenazo signal; see Table II 
Arsenazo signal
The arsenazo response becom es reduced to 60% during the (ca. 18 min) testperiod; the rise of the arsenazo signal is not much changed, whereas the decline in 3-fold retarded (Table III b ).
In detail: the latency of the arsenazo signal is prolonged to 120%. Rise time Tr and initial slope of rise Mi are unchanged, the median slope of rise Mm is reduced to 63%.
The main change, however, is a reversible retar dation of the decline of the arsenazo signal. The overall half-time of decay T2, increases about 3-fold (320%). The retardation of the calcium re decline occurs both by suppression of the fast phase D 1 and by a 5-fold retardation of the slow phase D 2. Fig. 6b and Table III c demonstrate the develop ment of the effects. During the preperiod in physiological saline one can clearly distinguish the two phases of decline of the arsenazo signal (Fig. 6, 7 and 8) . In lithium saline the decline be com es monophasic with a more or less constant slope about 1 s after the maximum of the arsenazo signal. The fast phase D 1 is slowed down (x! is 2-fold prolonged); its weight a, however, is in itially increased (about 5 min after the switch) and later gradually reduced to zero. After more than 11 min D 1 has vanished. The slow phase D 2 be com es gradually slower (x2 from 6 to 33 s). The changes of D 2 start earlier than that of D 1 and are practically completed within 7 min after the switch. At the end of the ca. 18 min test period the fast decline is no longer recognizable, whereas the time constant x of the monophasic decline is slowed down by a factor of about 5 (Table III c ,  Fig. 6, 8) .
The effects of the lithium saline on the arsenazo signal are less reversed in the afterperiod in physiological saline than those on the receptor po tential. The amplitude does not recover signifi cantly, but the changes in decline of the arsenazo signal are partially reversed (T 2 AS recovers from 320 to 160%, Table IIIb) within the ca. 30 min afterperiod. The fast phase D 1 of decline recovers much better than the slow phase D 2 (Table III c, Fig. 7 and 8 ).
Com bined replacement o f calcium by strontium and o f sodium by lithium
A combination of replacement of calcium by strontium and sodium by lithium in the superfusate with 3 testperiods was used in 5 experi ments. In the first testperiod, which lasted 60 to 85 min, calcium was replaced by strontium; this time was not in all cases long enough for the stron tium effect to develop to a steady level. In the second testperiod of 12 to 20 min, in addition the external sodium was replaced by lithium. In the third testperiod of ca. 30 to 40 min, the superfusate contained again normal sodium concentration, but Table IV , a representative experiment is docu mented in Fig. 9 and 10 .
When both the external calcium and sodium are replaced by strontium and lithium, the two effects described above seem to add almost independ ently. The combined effects of strontium and lithium make the declines of the receptor potential and of the arsenazo signal very slow; the half time of the overall decline of the arsenazo signal be comes 12-fold longer and practically monophasic and linear.
Our main interest was to see the changes in duced when, in addition to the calcium replace ment by strontium, all the external sodium was substituted by lithium. Due to the relative short first testperiod, the effects of the replacement of calcium by strontium are still growing during the second testperiod. The lithium effect can be judged most critically by comparing the data of testperiod 2 with those of test period 3 if we regard only those changes which were reversed in the third testperiod trustworthy as lithium effects. One has to consider, however, that not all the lithium effects are reversible after washing out the lithium (see 3.2, Table III) . By this criterion lithium causes similar changes of the arsenazo signal as when the external solu tion contains calcium, i.e. drastic retardation of the slow declining phase of the arsenazo signal (since D l , the fast phase of decline, has already dis appeared due to the replacement of calcium by strontium). The receptor potential, however, is diminished, but not shortened by the action of lithium in contrast to the lithium effect in normal calcium-containing superfusate (see 3.2).
The effects are only partially reversible during the 30 to 60 min afterperiod. When the cell is again superfused with physiological saline both re sponses recover, but not completely. (In the experiment from Fig. 10 the recovery is less than in the average of all experiments (Table IV) .)
Receptor potential
The changes of the receptor potential when cal cium in the superfusate is replaced by strontium are already described above: The prestimulus membrane potential PMP is hyperpolarized, the amplitude Hmax is increased, latency, rise time, and decline are prolonged.
Compared to test periods 1 and 3, additional replacement of sodium by lithium causes a reduc tion in the hyperpolarization of the prestimulus membrane potential PMP and an about equal reduction of the amplitude of the receptor poten tial -probably due to an inhibition of the N a -K ATPase. There is no significant change in latency and in rise time (which had been greatly pro longed due to the action of strontium). However, the half-time of decline T2 of the receptor poten tial is additionally 2-fold prolonged. In strontium saline the replacement of sodium by lithium causes a prolongation of T 2 (Table IV a), whereas ap plied in a saline of physiological calcium concen tration, it has the opposite effect, namely shorten ing of T 2 (Table II a Two further components (see Deckert et al., 1992) of the receptor potential develop more and more prominent in the strontium and in the strontium -lithium saline (Fig. 9). 
Arsenazo signal
The changes in the arsenazo signal induced by superfusing of the photoreceptor with strontium saline are already described above. In the second testperiod additional replacement of sodium by lithium causes weaker changes of the arsenazo sig nal in the same direction as when the external solution contains calcium. The amplitude Hmax of the arsenazo signal, the latency, the rise time, in itial slope Mi, and the middle slope of rise Mm are all -according to the reversibility criterion de fined above -not significantly changed.
The most significant change due to the sodium replacement by lithium is the additional retar dation of the decline of the arsenazo signal (T2 is 2-fold prolonged). Both in the strontium and in the lithium -strontium saline the fast D 1 phase of decline of the arsenazo signal is not recognizable. The time constant t of the slow, monophasic decline is reversibly reduced to 7.4 s by the action of lithium (Table IV c) . Lithium has caused a 2-fold retardation of D 2 , assuming that the contribution of the fast D 1 phase of decline has already becom e negligible due to the stron tium effect. The lithium-induced change of the decline o f the arsenazo signal is not completely reversed in the third testperiod, when lithium is replaced by so dium, and in the afterperiod in physiological saline (Table IV, Fig. 9 and 10 ).
Discussion
Our discussion is based on the following as sumptions (Fig. 11): 1. The light-induced rise in cytosolic calcium is due to two processes: a) Under physiological con ditions the rise in calcium is due to a great deal to the calcium release from the intracellular cisternae. It is mediated by the metarhodopsin-activated PLC-IP3 cascade, b) In addition, there is a light-induced inward current of calcium from the extracellular space (Stommel et al., 1994) .
2. The re-decline in the cytosolic calcium con centration depends at least on two processes: a) a fast calcium-reducing process, the re-uptake of calcium into the subrhabdomeric cisternae; b) a slower process due to the activity o f a N a -C a exchanger in the plasma membrane, which transports calcium out of the cell.
3. The calcium export should lead to an intracel lular calcium deficit. This is compensated by a sub sequent slow refilling of the intracellular cisternae by extracellular calcium.
Strontium
Strontium as a substitute for calcium can replace many but not all properties of calcium. Omission of the external calcium alone has different effects on receptor potential and arsenazo signal than its replacement by strontium: if calcium is only om it ted in the superfusate and not replaced by stron tium, the arsenazo signal disappears and the re ceptor potential becom es as in dark adaptation, larger and slower (Maaz and Stieve, 1980; Ivens and Stieve, 1984; Brown, 1986 , for further ref erences).
1. The arsenazo signals in strontium saline are larger and longer than under physiological calcium conditions. This, and the prolongation of the re ceptor potentials are probably consequences of a weaker desensitizing action of strontium as com pared to calcium; the negative feedback is weaker.
2. The fast phase D 1 of decline of the arsenazo signal fades during prolonged stay in strontium saline, presumably because no, or only very little, strontium is taken up by the intracellular calcium stores. Under these conditions only one strontiumdecreasing process is recognizable. This seems to be D 2 , which is due to the strontium export out of the cell by the sodium -calcium exchanger. The time constant of D 2 is not much different in strontium than in calcium saline. This indicates that the exchanger exports strontium or calcium with about the same efficiency out of the cell. A N a -C a exchanger can also run a C a -C a exchange or a S r -C a exchange (Blaustein, 1984) . Thus it can contribute to replace cytosolic calcium by stron tium even without illumination.
3. The effects of strontium develop slowly: Size, rise, and decline of the arsenazo signal keep grow ing during the first 60 min stay in strontium saline; hereafter they becom e shorter again. However, D l , the fast phase of decline disappears within 10 min, again indicating that there is no or only very little uptake of strontium by the endoplasmic cisternae. The intracellular calcium is washed out gradually. In the first 5 to 10 min in Strontium saline there is still enough calcium in the cytosol to be pumped back into the cisternae, and for about 60 min there may be still some calcium left in the cisternae, which is released induced by light.
4. The latency increase of both receptor poten tial and arsenazo signal in strontium saline is prob ably due to a different action of strontium than that which causes the changes in size and time course of the arsenazo signal (and o f T 2 of the receptor potential). The change of the latencies starts later and grows longer than other strontiuminduced changes of the arsenazo signal. It seems that the diminution of cytosolic calcium is respon sible for the prolongation of the latency but it is still not known which process in the transduc tion cascade is so calcium sensitive (Stieve and Benner, 1992).
5. The rise of the arsenazo signal is prolonged in strontium saline and has a lower steepness. Two processes may contribute to this effect: a) The slope of rise of the arsenazo signal is reduced in strontium saline since strontium is not or not much taken up by the cisternae. Therefore the cisternae becom e gradually emptied which causes a reduc tion of the IP3-induced calcium release, b) The rise of the arsenazo signal is prolonged because stron tium has a weaker desensitizing action than cal cium. Therefore the negative feedback, which reduces the IP3-induced Ca release, is weaker.
6. The strong after-hyperpolarization in stron tium saline causes the enlargement of the receptor potential. The after-hyperpolarization is due to the activity of the N a -K ATPase in the plasma membrane (Brown and Lisman, 1972) . The hyper polarization in the calcium-deprived, strontiumcontaining medium is probably caused by a desinhibition of the N a -K ATPase. Calcium ions competitively inhibit the N a -K ATPase of kidney and red blood cells (Robinson, 1985; Fujise and Lauf, 1988 ). Strontium seem s not to inhibit the ATPase as much as calcium.
Lithium
Lithium has many poisonous actions in the cell.
1.
The initial slope of rise of the cytosolic cal cium or strontium concentration is not changed by the action of lithium, but the amplitude of the calcium transient is reduced under the action of lithium. The initial rise in cytosolic calcium, mainly due to an IP3-induced release from intracellular stores and to calcium influx, is not lithium-depend ent when lithium is applied for a period of only 1 6 -2 0 min.
2. The main action of lithium is to slow down the decline of the arsenazo signal, a) The fast phase D 1 of decline of the arsenazo signal van ishes within 15 min in lithium saline. This seems to be an intracellular action of lithium on the calcium ATPase of the endoplasmic cisternae. b) D 2 , the exchanger-mediated slow decline of the cytosolic calcium, is slowed down 5-fold. Lithium is not accepted as a sodium substitute by the N a -C a exchanger, but may stimulate the C a -C a ex change (Blaustein, 1984) . When the extracellular sodium is replaced by lithium, the exchanger should not be able to reduce the cytosolic calcium concentration. Lithium affects D 2 faster than D l , within 7 min. This is expected since lithium can act on the N a -C a exchanger from the extracellular side. But D 2 , the slow phase of decline of the arsenazo signal, is not abolished, only reduced. Either the N a -C a exchanger or another slow cal cium-reducing mechanism is still active to some extent. The lithium effect on the exchanger is only poorly reversible. D ue to the inhibition of the calcium-decreasing processes the level of cytosolic calcium should rise. This could cause -as in light adaptation -the observed acceleration and diminution of the re ceptor potential in lithium saline and the reduction o f the amplitude of the arsenazo signal.
3. Lithium is also not accepted as a sodium sub stitute by the N a -K ATPase (Skou, 1975; Glynn and Karlish, 1975) . Since the N a -K ATPase needs the sodium on its intracellular site, its activity should only be reduced (not abolished) when the extracellular sodium is replaced by lithium. A n im paired electrogenic, active sodium export should cause the observed reduction of the prestimulus membrane potential.
Com bined action o f lithium and strontium
If lithium is applied after calcium has already been replaced by strontium in the superfusate, the already monophasic slow decline of the arsenazo signal is two times prolonged. The sodium-driven strontium export by the exchanger is inhibited, causing a rise in cytosolic strontium. Lithium can activate the C a -S r exchange by the N a -C a ex changer and thus further accelerate the calcium reduction in the cytosol. However, the rise and d e cline of the receptor potential is not shortened by the action of lithium as in calcium-containing saline, presumably since strontium in the cytosol has a weaker desensitizing (light adapting) action than calcium.
Concluding remarks
Our results are in line with the assumption that the rise in cytosolic calcium is due to a calcium release from endoplasmic cisternae and a calcium inward current through the plasma membrane. The rapid phase of decline is due to a (membrane voltage-insensitive) uptake mechanism of calcium into the endoplasmic subrhabdomeral cisternae. This mechanism seems to be not or only barely able to transport strontium instead of calcium; therefore, after prolonged stay in strontium saline without calcium, the cisternae are progressively emptied. This causes a reduction in the IP3-induced calcium release and an increase in the con tribution of light-induced strontium influx through the plasma membrane.
The calcium uptake into the cisternae is also slowly but reversibly abolished by the action of lithium -or at least substantially inhibited if sodium is replaced by lithium. The slow decline (D 2 ) of the arsenazo signal is based on the sodium -calcium exchanger in the plasma m em brane. A s expected it is able to export strontium; but lithium is no -or only a very poor -sodium substitute to drive the calcium export via the exchanger.
The larger arsenazo signal, representing a larger increase in cytosolic strontium as compared to cal cium, indicates that strontium is weaker in desen sitizing the photoreceptor cell and in reducing cal cium release from the cisternae as compared to the intracellular calcium. Since strontium seems not to be taken up into the cisternae, strontium may be used to isolate the pathway of calcium through the plasma membrane, i.e. the light-in duced influx and the export through the N a -C a exchanger. The progressive reduction in the ampli tude of the arsenazo signal after more than 60 min stay in strontium saline occurs probably when the cisternae are emptied of calcium.
